Fibrosis, a disease in which excessive amounts of connective tissue accumulate in response to physical damage and/or inflammatory insult, affects nearly every tissue in the body and can progress to a state of organ malfunction and death. A hallmark of fibrotic disease is the excessive accumulation of extracellular matrix-secreting activated myofibroblasts (MFBs) in place of functional parenchymal cells. As such, the identification of agents that selectively inhibit the transdifferentiation process leading to the formation of MFBs represents an attractive approach for the treatment of diverse fibrosis-related diseases. Herein we report the development of a high throughput image-based screen using primary hepatic stellate cells that identified the antifungal drug itraconazole (ITA) as an inhibitor of MFB cell fate in resident fibroblasts derived from multiple murine and human tissues (i.e., lung, liver, heart, and skin). Chemical optimization of ITA led to a molecule (CBR-096-4) devoid of antifungal and human cytochrome P450 inhibitory activity with excellent pharmacokinetics, safety, and efficacy in rodent models of lung, liver, and skin fibrosis. These findings may serve to provide a strategy for the safe and effective treatment of a broad range of fibrosis-related diseases.
fibrosis | itraconazole | myofibroblast | transdifferentiation | drug discovery F ibrosis, generally defined as the production of excessive amounts of extracellular matrix (ECM) components, develops as a consequence of diverse underlying disease (1) . Despite the diversity of underlying etiologies that can lead to fibrosis in a given tissue, common biochemical and cellular mechanisms occur in all instances studied to date. An initiating event activates resident fibroblasts (in some cases recruited bone-marrow-derived circulating fibrocytes or epithelial cells that have undergone an epithelialto-mesenchymal transition), which transdifferentiate into α-smooth muscle actin (αSMA) expressing myofibroblasts (MFBs) that secrete the ECM components required for wound repair (2) . For example, in the case of liver fibrosis, a resident quiescent pericyte population, termed hepatic stellate cells (HSCs), transdifferentiates into type I collagen-producing αSMA-expressing fibrogenic HSCs (3) . Transforming growth factor-β1 (TGF-β1) mediated SMAD2/3 signaling commonly drives the transdifferentiation of resident fibroblasts or HSCs to MFBs and stimulates production of ECM components in the latter populations (2, 3) . These underlying events result in scar formation, which interferes with normal organ function and can lead to a variety of fibrotic diseases, including idiopathic pulmonary fibrosis (IPF), liver fibrosis associated with the later stages of alcoholic and nonalcoholic liver cirrhosis, kidney fibrosis, cardiac fibrosis, scleroderma, and keloid formation resulting from abnormal wound healing (1) . Additionally, fibrosis is a key pathological feature associated with chronic autoimmune and infectious diseases (1) . As such, fibrosis represents a critically important health problem-nearly half of all natural deaths in the Western world are attributed to chronic fibroproliferative diseases. However, at present there are only two recently approved drugs specifically indicated for the treatment of fibrotic disease. Clearly, the identification of novel antifibrotic drugs represents a major unmet medical need that would have a significant beneficial impact on patients in multiple disease populations.
An attractive approach to discover new agents and biological mechanisms that target diverse fibrotic diseases is to directly target the transdifferentiation pathway responsible for interconversion of quiescent fibroblasts to activated, profibrotic MFBs. Drugs capable of blocking the conversion of fibroblasts to activated MFBs could act to prevent the progression of disease or even reverse fibrosis in organs capable of repair (e.g., liver fibrosis). Moreover, agents capable of inhibiting the formation of MFBs in the presence of TGF-β1 without directly inhibiting TGF-β1 signaling itself, may have an advantage over direct suppression of TGF-β1, which has the potential to exacerbate immune responses. Cell-based phenotypic screens have proven an effective strategy to identify molecules that affect cell fate by previously unknown mechanisms (4, 5) . Herein we undertook an image-based screen of MFB transdifferentiation that led to the discovery of an antifibrotic agent with excellent preclinical in vivo activity and that acts by a unique mechanism of action.
Results
An Image-Based Screen Identifies Itraconazole as an Inhibitor of MFB Differentiation. To identify small drug-like molecules that inhibit the formation of MFBs, we developed a miniaturized high-content imaging assay using primary HSCs, which have been demonstrated to contribute to over 90% of the fibrosis-associated MFBs in livers of carbon tetrachloride (CCl 4 )-injured mice and remain sensitive to TGF-β-induced MFB formation in vitro (3, 6) . A hallmark of the MFB cell state is the acquisition of an elaborated αSMA network accompanied by a marked increase in cell size (2, 7) . First passage HSCs were treated with TGF-β1 under conditions where
Significance
The treatment of fibrosis remains a critically important unmet medical need, as nearly 45% of all natural deaths in the Western world are attributed to chronic fibroproliferative disease complications. Fibrosis is characterized by the excessive deposition of extracellular matrix proteins by resident fibroblast-derived myofibroblasts. From an imaging-based screen, we identified the antifungal drug itraconazole as an inhibitor of myofibroblast transdifferentiation from multiple resident fibroblast populations. A derivative of this drug was found to inhibit fibrotic disease progression in mouse models of lung, liver, and skin fibrosis, demonstrating that inhibiting differentiation to the myofibroblast cell state is a practical strategy to treat a wide range of fibrosis-related diseases.
quiescent HSCs and MFBs could be distinguished using a highcontent imaging algorithm that measured both cellular size and staining intensity for αSMA (SI Appendix, Fig. S1 A and B) . We adapted this assay to a high-throughput format and subsequently screened a collection of ∼80,000 structurally diverse small molecules, including known biologically active compounds. Among those compounds deemed "hits" were both novel chemical scaffolds as well as known modulators of HSC fate, including ligands for peroxisome proliferator-activated receptor gamma and inhibitors for the platelet-derived growth factor receptor (SI Appendix, Fig. S1C ). Among the most promising lead compounds for which antifibrotic activity had not been previously reported was the triazole antifungal itraconazole (ITA), a well-tolerated drug that has been used clinically for over 25 y. Indeed, ITA was found to dose dependently decrease MFB formation with a half-maximal inhibitory concentration (IC 50 ) of ∼300 nM, efficacy comparable to that of the TGF-β1 signaling inhibitor SB-431542 (a selective ALK5 inhibitor), which served as our positive control ( Fig. 1 A  and B) . Interestingly, other classes of antifungal agents were not active in this assay, suggesting that ITA's ability to inhibit MFB formation may be due to a distinct activity of this drug. This observation, the large amount of clinical data available for ITA, and a clinical observation in the literature that ITA treatment is beneficial to patients with keloids with accompanying fungal infections led us to further investigate its in vitro and in vivo activity (8) .
In Vitro Biological Activity of ITA. As expected, ITA-induced inhibition of MFB formation leads to down-regulation of the mRNA transcript and/or protein levels of key genes of MFB identity, including αSMA, collagen type 1 alpha 1 (COL1A1), fibronectin, and TGF-β1, in primary rat HSCs following exposure to TGF-β1-containing transdifferentiation medium ( Fig. 1C and SI Appendix, Fig. S2 A-C). ITA was not found to inhibit TGF-β1-induced SMAD2 or SMAD3 phosphorylation or exhibit any inhibitory activity in a SMAD binding element-based reporter assay (4xSBE-LUC), indicating that the compound does not act by directly inhibiting TGF-β signaling, as is the case with the SB-431542 (SI Appendix, Fig. S2 D and E) . Whereas ITA was found to display antiproliferative activity in HSCs, as evidenced by a dose-dependent decreases in cyclin A (SI Appendix, Fig.  S2F ), the compound was not found to induce apoptosis at concentrations below 20 μM (SI Appendix, Fig. S2G ) or induce general cytotoxicity at the concentrations reported for in vitro experiments.
Next we evaluated the activity of ITA in fibroblasts derived from other organs in which the majority of disease-associated MFBs are derived from transdifferentiation of resident fibroblasts. We found that ITA concentrations of less than 1 μM were capable of antagonizing TGF-β1-stimulated changes in cellular morphology or αSMA expression levels in human or rat lung fibroblasts, rat cardiac fibroblasts, rat dermal fibroblasts, and human or rat hepatic stellate cells (SI Appendix, Together, these results demonstrate that ITA functionally antagonizes a core transcriptional program involved in the establishment of MFB cell fate but does not globally suppress all transcripts modulated by TGF-β1 treatment, further confirming that ITA does not act by direct TGF-β-signaling inhibition.
Recently, it has been shown that HSC-derived CCl 4 -induced MFBs are capable of dedifferentiating to a quiescent phenotype following withdrawal of CCl 4 administration, indicating the MFB cellular state does not represent a terminal differentiation endpoint but rather a transient and malleable cellular identity (6, 11) . To determine whether ITA could induce the reversion of MFBs back to a quiescent state in vitro, primary rat HSCs were transdifferentiated for 48 h and then treated with ITA in the presence of TGF-β1-containing transdifferentiation media for 96 h. Cell state was then assessed by evaluating gross cellular morphology and the transcript levels of MFB identity genes. Interestingly, compound treatment was found to decrease transcript levels of COL1A1 and αSMA as well as decrease cell size and the organization of the intracellular αSMA network (SI Appendix, Fig. S5 A-D). Further, it was found that if ITA was removed from the transdifferentiation culture media following 96 h of treatment of existing MFBs, the cells rebounded to a MFB state and reexpressed comparable levels of αSMA in the presence of TGF-β1 (SI Appendix, Fig. S5C ). These results indicate that the cellular effects induced by ITA are a sufficient stimulus to override the MFB differentiation program and revert the cell to a less activated state. Additionally, these results also suggest that these effects are not the result of a general toxicity-based mechanism, as changes in αSMA content are readily reversed by compound washout. Consistent with a lack of reported reversion capacity for other MFB populations, ITA was not found to induce the reversion of MFBs derived from human lung fibroblasts (SI Appendix, Fig. S5E ).
Mechanistic Studies of ITA's Anti-MFB Formation Activity. Although initially developed as an antifungal antibiotic, ITA has been shown to inhibit Hedgehog (Hh) pathway and vascular endothelial growth factor (VEGF) signaling (12, 13) . Both pathways are known to influence the MFB cell state and have been proposed as potential targets for the development of antifibrotic therapeutics (14) (15) (16) (17) . Consistent with these observations, we found that the mRNA transcript levels of multiple VEGF and Hh signaling components are elevated in HSCs following MFB differentiation (SI Appendix, Fig. S6A ). Also consistent with previous reports, ITA was found to inhibit both SAG-and N-terminal Sonic Hedgehog (SHH-N)-induced patched (PTCH1) and GLI family zinc finger 1 (GLI1) gene expression in rat HSCs as well as dosedependently inhibit SAG-induced GLI-dependent transcription (SI Appendix, Fig. S6 B-D and Fig. 2D ). Inhibition of the VEGF pathway by ITA has been attributed to inhibition of VEGF receptor glycosylation and trafficking to the cell membrane (12) . In rat HSCs, ITA was found to cause a decrease in the observed molecular weight of VEGFR2 by Western blot analysis, indicating a loss of receptor glycosylation (SI Appendix, Fig. S6F ). Additionally, ITA inhibited the VEGF-dependent proliferation of human HSCs when supplemented with VEGF in serum-free medium (SI Appendix, Fig. S6G ). We therefore evaluated the role of these mechanisms in the observed antifibrotic activity of ITA using pharmacological inhibitors. Whereas inhibition of either Hh signaling (cyclopamine, 5 μM) or VEGF signaling (KRN-633, 0.5 μM) pathways at maximally efficacious but nontoxic doses individually resulted in partial inhibition of MFB activation in rat HSCs, complete recapitulation of the antifibrotic activity of ITA was only achieved using a combination of the individual inhibitors (SI Appendix, Fig. S6H ). Together, these results demonstrate that ITA functionally antagonizes Hh and VEGF signaling pathways in HSCs and are consistent with the hypothesis that ITA's inhibitory effect on MFB transdifferentiation is derived from fortuitous dual inhibition of two known profibrotic signaling pathways (i.e., VEGF and Hh signaling).
A Preliminary Structure Activity Analysis of ITA Activity. ITA's antifungal activity results from inhibition of the essential yeast P450 enzyme lanosterol 14-α-demethylase (18) . Unfortunately, ITA also inhibits human liver P450 enzymes, most notably CYP3A4, which makes it unattractive as an antifibrotic agent due to both potential hepatotoxicity (especially in liver fibrosis) and to potential drug-drug interactions with other agents in an antifibrotic drug regimen. To overcome these limitations, and to determine whether we could dissociate the antifungal activity of ITA from its antifibrotic activity, we carried out a preliminary structure activity relationship (SAR) analysis on ITA. Because ITA inhibits P450 enzymes via coordination of the basic N4 nitrogen of its triazole moiety to heme iron (19), we reasoned that substitution of this nitrogen or modulation of its pK a would decrease binding affinity to CYP3A4. Several analogs were synthesized in which the 1,2,4-triazole moiety was substituted with electron withdrawing groups (e.g., −Br, −CF 3 at position 3) or replaced with isosteric ring systems (e.g., pyrazole, 1,2,3-triazole, pyridine, pyridazine).
Compounds were identified that have little to no CYP3A4 inhibitory activity and as a consequence lack antifungal activity, but were active in the MFB formation assay as determined by Western blot analysis of transdifferentiated human lung fibroblasts. These results confirmed that the antifibrotic activity of ITA is not derived from on-target inhibition of a CYP enzyme. Unfortunately, most compounds were significantly less potent with respect to ITA itself, and therefore several of these CYP inactive analogs were subjected to subsequent rounds of SAR to optimize their in vitro potency and pharmacological properties. We found that the diphenylpiperazine, triazolinone, and sec-butyl side chain regions were essential to ITA's activity in MFB formation assays and that only minor improvements in potency were achieved by modifying these regions. In contrast, altering the substitution pattern and identity of withdrawing groups on ITA's dichlorophenyl moiety afforded the greatest improvements in potency in the context of analogs containing isosteric replacements of the 1,2,4-triazole. From a medicinal chemistry campaign involving over 300 ITA analogs, we ultimately identified a 1,2,3-triazole and unsubstituted phenyl-containing analog, termed CBR-096-4, which retains the anti-MFB efficacy of ITA and displays no CYP3A4 inhibitory or antifungal activity ( Fig. 2 A and B and SI Appendix, Fig. S7A ). Like ITA, CBR-096-4 inhibited the formation of MFBs from multiple tissue types as determined by Western blotting and immunofluorescent staining (SI Appendix, Fig. S7 B and C) . We also found that CBR-096-4 inhibits Hedgehog reporter activity (GLI-LUC), VEGF-dependent growth, and αSMA-LUC reporter activity with similar potency to ITA, suggesting that CBR-096-4 functions by the same mechanism of action as ITA (Fig. 2 C-E) . This analog was also found to be inactive against multiple mouse and human CYP enzymes and was also inactive in CYP induction and PXR activation assays (SI Appendix, Fig. S7 D and E) . Furthermore, CBR-096-4 retained similar pharmacokinetic properties to ITA in rodents, which likely makes it amenable to once-a-day oral delivery (SI Appendix, Fig. S7 F and G) . bleomycin-induced lung fibrosis model. Despite some inherent limitations in modeling the human disease, both clinically approved antifibrotic drugs have shown efficacy in the bleomycin mouse model (14, 20, 21) . This model typically involves either repetitive s.c. injection of bleomycin or a one-time intratracheal injection of the drug (22) . The former method has been criticized for its inability to separate antiinflammatory from antifibrotic effects, whereas the latter method frequently suffers from high interanimal variability in inducing fibrotic disease (21, 23) . To separate the inflammatory phase of this model from the subsequent fibrotic stages, we chose to administer bleomycin (25 mg/kg) via a subdermally implanted osmotic pump for 7 d, after which time the pump was surgically removed, and mice were left untreated for 7 d for inflammation to subside and fibrotic progression to begin (SI Appendix, Fig. S8A ). Based on the established pharmacokinetic (PK) of CBR-096-4 in mice [6.7 h half-life; 2,013 ng/mL C max ; 27,171 h·ng/mL area under the curve (AUC)], mice were then dosed once daily [1-25 mg/kg, orally dosed (P.O.)] for 2 wk with no significant effect on body weight (SI Appendix, Fig.  S8B ). As positive controls, we used AM152, an LPA1 receptor antagonist, which acts by inhibiting fibroblast trafficking and vascular leakage (24) , and pirfenidone, an FDA-approved antifibrotic drug, which has been reported to act by a number of antifibrotic mechanisms (20) . CBR-096-4 (10 mg/kg) had a similar level of antifibrotic activity, as determined by histological Ashcroft scoring and automated image analysis for collagen staining (described in Methods), compared with the maximally efficacious doses of AM152 (once daily P.O. at 30 mg/kg) or pirfenidone (twice daily P.O. at 400 mg/kg) (Fig. 3 A-C and SI Appendix, Fig. S8 C-E) . Furthermore, we observed a significant decrease in total αSMA positive area in CBR-096-4-treated mice, as determined by immunohistochemical staining (Fig. 3 D and E) , a result consistent with the idea that CBR-096-4 functions by directly inhibiting the formation of MFBs under profibrotic conditions.
CBR-096-4 Decreases Disease Burden in Multiple Rodent Models of
We further evaluated the ability of CBR-096-4 to inhibit fibrotic disease progression in the commonly used CCl 4 -induced liver fibrosis model (25) . In this model the hepatotoxic agent CCl 4 (0.4 mL/kg) is administered twice weekly for 5 wk to induce fibrosis and drug treatment is initiated during weeks 3 and 4. Dosing mice with CBR-096-4 (once daily P.O. at 10 mg/kg) resulted in significant decreases in percent Sirius Red (a stain for type I and III collagen) positive area with respect to vehicle controls (Fig. 3 F  and G) , indicating that total collagen deposition in the liver was decreased with compound treatment. This activity was comparable to that of a maximally efficacious dose (once daily P.O. at 30 mg/kg) of AM152. CBR-096-4 was further evaluated using a bleomycininduced skin fibrosis model (26) . Here, a bleomycin solution (20 μg) was s.c. injected once daily into a conserved dorsal injection site for 4 wk with compounds dosed daily during weeks 3 and 4. Disease severity was determined at the end of the study by measuring dermal thickness at sites adjacent to the injection area. CBR-096-4 and AM152 (10 and 30 mg/kg once daily P.O., respectively) both significantly decreased dermal thickness ( Fig. 3 H and I) , indicating a decrease in collagen deposition and resident dermal fibroblast proliferation. Consistent with our in vitro results, together these data provide in vivo evidence that CBR-096-4 can function broadly as an antifibrotic agent. Fibroblast activation and migration is a critical step for ensuring proper wound healing (7) . To confirm that CBR-096-4 did not inhibit any necessary processes associated with normal wound healing, we used an excisional wound closure model in which C57BL/6J mice were cutaneously wounded using a biopsy punch and the relative diameter of the wound was measured daily until wound closure (14 d). Neither ITA nor CBR-096-4 (25 mg/kg each) inhibited the degree or rate of cutaneous wound healing (SI Appendix, Fig. S9 A and B) . Although MFB activation has been established as a necessary process during normal wound healing, the fact that neither CBR-096-4 nor ITA inhibited wound closure may indicate differences in fibrotic MFB activation and the MFB activation associated with normal wound healing as has been reported in the literature (27) . Additionally, neither ITA nor CBR-096-4 were found to significantly reduce body weight over this treatment period (SI Appendix, Fig. S9C ). Finally, to confirm that CBR-096-4 did not induce any adverse effects on gross physiological function, we performed a 7-d rat toxicity study in which CBR-096-4 was administered daily at 100 mg/kg P.O., a dose projected to be 25 times that of a maximally efficacious dose in rats based on observed AUC values. CBR-096-4 was found to have no obvious effects on standard measures of toxicity, including body weight, blood chemistry, hematological composition, and organ weight.
Discussion
Using a phenotypic high-throughput screen involving primary rat HSCs, we have shown that ITA, a widely used approved drug, effectively inhibits the transdifferentiation process involved in the formation of activated MFBs, the causative cell of fibrotic disease pathology. This activity is maintained across multiple rodent and human organ types, suggesting that ITA's mechanism of action represents a conserved and generalizable method for overriding the differentiation cues induced by TGF-β1. In contrast to other investigational therapies aimed at dampening TGF-β signaling (e.g., fresolimumab, STX-100, and LY2382770), our results indicate that ITA does not directly antagonize TGF-β signaling at the ALK5 receptor/SMAD level (28) . Whereas inhibiting TGF-β signaling is efficacious at halting disease progression in a number of fibrotic disease models and is currently under clinical evaluation as an antifibrotic therapy, TGF-β also plays a key antiinflammatory role in tuning immunological responsiveness (28) . Indeed, positive TGF-β signaling is suppressive of the differentiation and proliferation of T H 1 and T H 2 T cells and is necessary for the instruction of FOXP3 + T reg cells required for peripheral tolerance (29) . Given the clear autoimmune component of certain fibrotic diseases (e.g., scleroderma), we speculate that targeting the downstream transcriptional effects in the pathological cell of interest (i.e., the MFB) has the potential to overcome immunological concerns associated with long-term TGF-β signaling inhibition that would be required for antifibrotic therapy.
In agreement with our observation that Hh and VEGF signaling components are up-regulated upon MFB differentiation, the increased expression of Hh and VEGF-related factors has been demonstrated as a salient feature of fibroblasts and tissue derived from patients of multiple fibrotic disease backgrounds (30) (31) (32) . Additionally, the exogenous expression of either Hh or VEGF has been shown to additively contribute to TGF-β-driven fibrotic disease progression in animal models (33) (34) (35) ). Our results demonstrate that ITA antagonizes both Hh and VEGF signaling pathways in HSCs and that chemical inhibition of both signaling pathways together is sufficient to recapitulate ITA's inhibitory effect on MFB formation. Given the established fibrosis-promoting effects of these pathways, we speculate that ITA's ability to inhibit both Hh and VEGF simultaneously would likely provide therapeutic benefit over inhibiting either pathway alone. Despite the MFB-promoting effects of Hh and VEGF, some examples from the literature suggest that Hh and VEGF may also aid in repopulating and vascularizing the parenchymal epithelium of a given tissue in later stages of fibrotic disease (17, 33) . Clearly, further investigation is necessary to fully understand the pleiotropic effects of inhibiting Hh and VEGF signaling pathways as an antifibrotic strategy.
Evidence from Liu and colleagues (12) and Liu and Beachy and colleagues (13) has suggested that ITA inhibits Hh and VEGF pathways by a mechanism involving obstructed trafficking of cellsurface-bound signaling receptors (i.e., Smoothened to the primary cilium and VEGFR2 to the cell surface). Additionally, others have shown that ITA affects the glycosylation and trafficking of other cell surface molecules including CD14 and Fc receptors; however, the relevant cellular target responsible for ITA's effects on receptor trafficking remains unknown (36, 37) . Recently, others have reported that ITA inhibits enterovirus replication by binding to oxysterol binding protein (OSBP) and that ITA modulates mTORC1 activity by inhibiting the mitochondrial protein voltagedependent anion channel 1 (VDAC1) (38, 39) . Further mechanistic deconvolution of ITA should clarify whether additional cell types and/or physiological responses might contribute to the antifibrotic efficacy observed in vivo, an important limitation to the current study.
Although ITA has been clinically used for over 25 y with relative safety as an antifungal agent, ITA carries an FDA black box warning for drug-drug interactions due to its potent inhibitory effect on CYP3A4, which is undesirable in an antifibrotic therapeutic regime that will likely involve multiple drugs. In an attempt to leverage the defined pharmacokinetic properties of ITA but eliminate its CYP-inhibitory activity, we undertook a medicinal chemistry campaign, which ultimately identified CBR-096-4, an analog with no CYP-inhibitory profile but retained inhibitory activity in Hh, VEGF, and MFB formation assays with similar potency to ITA. CBR-096-4 was found to reduce disease severity in multiple rodent models of fibrotic disease with levels of efficacy that are comparable to or better than those of late-stage clinical and recently approved antifibrotic drugs. Additionally, CBR-096-4 was found to inhibit the accumulation of αSMA positive MFBs in response to bleomycin damage, indicating that the primary mode of antifibrotic efficacy is derived from inhibiting the accumulation of disease-associated MFBs in response to fibrotic cues and that inhibiting the differentiation of MFBs is a therapeutically relevant mechanism for inhibiting fibrotic disease progression. Given the enhanced safety properties of CBR-096-4 and its antifibrotic efficacy in multiple organs, we speculate CBR-096-4 may be of general clinical utility in treating a number of fibrotic diseases. Together, our results highlight the utility of using unbiased cell-based screens to identify molecules that affect cell fate by uncharacterized mechanisms and further validate the notion that repurposed drugs can lead to accelerated development timelines and predictable safety outcomes for treating diseases with unmet medical need.
Methods
Fibroblast Cell Sources. Rat hepatic stellate cells and human lung fibroblasts were purchased from ScienCell Research Laboratories. Rat lung, dermal, and cardiac fibroblasts are from Cell Applications, Inc. LX1 and LX2 human hepatic stellate cells were a gift from Scott Friedman, Mount Sinai Hospital,
